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ABSTRACT 
Neolamarckia cadamba (Roxb.) Bosser or locally known as white kelampayan is a fast growing plantation 
tree species with high economic values such as in pharmaceutical industry, wood-based industry and pulp 
and paper industry. Recently, a genome survey of N. cadamba was conducted by using a genomic DNA 
isolated from a fresh and healthy leaves tissue of N. cadamba. Part of the genomic sequences showed high 
similarity with Xanthomonas sp. sequences. Xanthomonas sp. is the plant pathogenic bacteria that infects the 
extracellular of the plant and results numerous numbers of spots on leaves and fruit surface. Polymerase 
Chain Reaction (PCR) was performed using an entrobacterial repetitive intergenic consensus (ERIC) 
sequence-based primer to detect the Xanthomonas sp. sequences. A total of 14 DNA samples ofN. cadamba 
had been extracted from two geographical distinct locations. Four DNA sample originated from the same 
geographical location had been detected with the presence of Xanthomonas sp. Based on the cluster analysis, 
DNA samples of N. cadamba were grouped into two major clusters, suggesting the WI , W2, W3 and W5 
DNA samples with the presence of Xanthomonas sp .• to form a single cluster known as cluster I . 
Key Words: Neolamarckia cadamba, Xanthomonas sp., Polymerase chain reaction (PCR), entrobacterial 
repetitive intergenic consensus (ERIC) 
ABSTRAK 
Neolamarckia cadamba (Roxb.) Bosser atau lebih dikenali sebagai kelampayan putih merupakan spesies 
pokok perJadangan yang cepat tumbuh dan memiliki nilai-nilai ekonomi yang tinggi seperti dalam industri 
farmaseutikal, industri berasaskan kayu dan pulpa dan kertas. Baru-baru ini, satu kajian genom N. cadamba 
telah dijalankan dengan menggunakan DNA genomik diekstrak daripada tisu daun segar dan sihat N. 
cadamba. Sebahagian daripada jujukan genom menunjukkan persamaan dengan jujukan Xanthomonas sp. 
Xanthomonas sp. a~lah bakteria patogen tumbuhan yang menjangkiti ekstraselular tumbuhan dan 
menghasilkan bilangan bintik-bintik yang banyak pada daun dan permukaan buah. Polymerase Chain 
Reaction (PCR) telah dijaJankan dengan bantuan entrobacte'nal repetitive intergenic consenslls (ERIC) 
berdasarkan jujukan pen cetus bagi mengesan kehadiran Xanthomonas sp. Sebanyak 14 sam pel DNA N. 
cadamba telah diekstrak daripada dua lokasi geografi berbeza. Empat sampel DNA yang berasal dari lokasi 
geografi yang sarna telah dikesan dengan kehadiran Xanthomonas sp. Berdasarkan analisis kelompok, sampel 
DNA N. cadamba telah dikumpulkan ke dalam dua kelompok utama, mencadangkan WI , W2, W3 dan W5 
DNA sam pel DNA dengan kehadiran Xanthomonas sp. untuk membentuk satu kelompok tunggal. 
Kata kunci: Neolamarckia cadamba, Xanthomonas sp., Polymerase Chain Reaction (PCR), entrobacterial 






Neolamarckia cadamba (Roxb.) Bosser or known as white kelampayan is a large and fast 
growing tree species that belongs to the family of Rubiaceae (Krisnawati et aI., 2011). 
Moreover, the speciality of tree to give economic returns within only 8-10 years has made 
the tree to be more favourable in the market (Lai et aI., 2013). N. cadamba have many 
economic values and thus it comes with a high demand especially in the industrial 
plantation, wood as well as pulp and paper industry. Other than that, N. cadamba also 
provides the best raw materials for the wood industry in making plywood and flooring and 
also the pulp and paper industry (Krisnawati et aI., 2011). N. cadamba has been selected as 
one of the tree species to be planted in the planted forest development in Malaysia 
especially in Sarawak (Lai et ai., 2013). Patel et al. (2011) and Lai et at. (2013) reported 
that some part of the tree such as leaves and bark have various medicinal values in treating 
blood disease, cough and uterine complaint, relieve fever, analgesic to reduce pain and 
inflammation. Ahmed et at. (2011) reported that in Bangladesh some folk have used the 
leaves ofN. cadamba as medicine for diabetes treatment. 
However, based on previous study on the genome survey of N. cadamba using next 
generation sequencing technologies, part of the genomic sequences showed high similarity 
with Xanthomonas sp. sequences (Figure 1.1), a plant pathogenic bacterium (unpublished 
data). In the stl.1dy, a healthy leaf without any sign of infection was used in isolating the 
genomic DNA for genome sequencing ofN. cadamba. Therefore, this study was conducted 
to detect the presence of the Xanthomonas sp. sequences in the genomic DNA of N. 
cadamba. 'It is hoped that this study could pave up the way to better understand the 
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Figure 1.1: Xanthomonas sp. sequences were detected in the N. cadamba genome as shown in the red box. 
Xanthomonas sp. is plant pathogenic bacteria that are able to cause disease on the 
plants including the use economically important crop (Studholme et aI., 2011). 
Xanthomonas sp. can be found on the citrus, lime and others. However, the infection can 
. 

only occur at the extracellular of the plant which can be observed in numerous number of 
spots on the surface of the leaves and fruits (Boch & Bonas, 2001), blights of annual and 
perennial plants, vascular wilts and citrus canker (Cooper, 2006). Apart from that, Vidaver 
and Lambrecht (2004) reported that the portal of entry of Xanthomonas sp. may occur 
differently either naturally or through cuts such as hole that produces by specific feeding 
insects. 
.' 
In the early days, pathogens can be distinguished using classical methods based on 
observation of the morphological and growth characteristics. Unfortunately, these methods 
are time consuming and may be misinterpreted. Therefore, an array of molecular 
approaches has provided an alternative technique which is more precise and rapid 
identification of the plant pathogenic bacteria. Polymerase chain reaction is one of the 
promising methods for rapid identification of low number of plant pathogenic bacteria 
2 
(Srinivasa et aI. , 2012). The objective of this study was to detect the presence of the plant 






2.0 LITERATURE REVIEW 
2.1 White KeJampayan - Neolamarckia cadamba (Roxb.) Bosser 
Neolamarckia cadamba (Roxb.) Bosser commonly known as white kelampayan, is a large 
and fast growing tree that belongs to the family of Rubiaceae. N. cadamba also known as 
Anthocephalus macrophyllus (Roxb.) Havil. , Anthocephalus chinensis (Lamk.) A. Rich. 
Ex. Walp., Nauclea cadamba (Roxb.), Anthocephalus cadamba Miq., Sarcocephalus 
cadamba (Roxb.) Kurz., Anthocephalus indicus A. Rich., Anthocephalus morindaefolius 
Korth. The tree is widely distributed in China, Australia, Malaysia, Inclia, Indonesia, 
Philippines, Papua New Guinea, Vietnam and Singapore (Krisnawati et aI., 2011). The 
map for distribution of the N. cadamba is shown in Figure 2.1. 
- "€­
Figure 2.1 : Distribution ofNeolamarckia cadamba (Roxb.) Bosser (Adapted from Sankar, 2012) 
Neolamarckia cadamba able to reach the height of 17 m and a diameter of25 cm at 
breast height with the speciality of straight bole and broad umbrella-shaped crown with 
branches arrange in tiers (Krisnawati et aI., 2011). Due to this speciality, it is used as a 
shade tree for dipterocarps line planting (Lai et al ., 20l3; Patel et aI., 2011). In Bangladesh, 
N. cadamba is stated as evergreen tropical tree (Ahmed et aI., 20 II) because it is 
frequently found in a warm types ofdeciduous and evergreen forest (Patel et aI., 20 t 1). As 
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stated by Lai et al. (2013), the tree able to reach the height about 17 m with a diameter of 
25 cm at breast height (dbh), under a normal condition within 9 years. Once the tree 
reaches the age of 10-years, it is able to reach a diameter of 50 cm which yields a wood of 
2.5-3 m3. On the other hand, one important measure in obtaining the result is depending on 
the condition of the soil. While the fruits are small, fleshy yellow-orange infructescence 
which form by closely packed of fleshy capsule, trigonal or irregular shaped. The fleshy 
yellow-orange infructescence contains seeds that can reach approximately 8000 seeds 
(Krisnawati et aI. , 2011). Figures 2.2 (a), (b), (c), and (d) shows the N. cadamba tree, 
trunk, seed and leaves. 
Neolamarckia cadamba not only known as the best raw materials supplier for the 
plywood industry and pulp and paper industry (Lai et aI. , 2013) but various part of the tree 
serves benefits to humans which have been used to treat disease traditionally. For example, 
both the bark and the leaves of the tree serve a good pharmaceutical product that can treat 
disease. Dried bark of the tree is said to act as fever reliever and as tonic and also the bark 
itself has an anthelmintic activity. Meanwhile, the leaves are said to be bitter, nutritious 
and astringent. Their decoction can be used for gargling for apathies or stomatities (Patel et 
aI., 2011) and analgesic to reduce pain and inflammat ion (Lai et aI., 2013). 
Apart from that, in Bangladesh the leaves are well known medicine in treating 
diabetic patient as' it could reduce the sugar level (Ahmed et aI., 2011). Based on the 
bioactivity studies carried out by Zayed et al. (2014), they reported that this tree has 
revealed its antidiabetic activities together with other activities such as antimicrobial, 
antioxidant, wound healing properties and others activities. Based on studied performed by 
Ahmed et al. (2011) and Patel et al. (2011), they reported that N. cadamba has the ability 
of antibacterial activity on the leaves and bark extract. The presences of saponin, alkaloids 
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Figure 2.2 (a): N. cadamba tree . 
(Adapted from Sankar, 2012) 
Figure 2.2 (b) : N. cadamba trunk 
(Adapted from http://tlickrhivemind. net/Tagslpagodatree/Recent) 
Figure 2.2 (c): N. cadamba seed. 
(Adapted from https:!/www.flickr .com/photos/vsramachandran/6230098826/) 
Figure 2.2 (d) : N. cadamba leaves. 

(Adapted from http://www.gbpuat­




2.2 Plant Pathogenic Bacteria - Xanthomonas sp. 
A bacterium is commonly described as a motile, Gram-negative, rod, possessing a single 
polar flagellum and producing convex, mucoid colonies, typical yellow on nutrient agar 
and other media (Aritua et aI., 2008) and cannot be seen with naked eye (Vidaver & 
Lambrecht, 2004). Microbes can be found on all over the plant surface including living 
inside the plants and these may be beneficial or detrimental. Plant pathogenic bacteria are 
bacteria that able to cause serious disease on plant. However, most of the plants have the 
ability of resistance or innate immunity against the pathogen (Vidaver & Lambrecht, 
2004). 
Xanthomonas sp. is a plant pathogenic bacterium that belongs to the family of 
Pseudomonadaceae (Copper, 2006). It is known as a microscopic prokaryotic which the 
nuclear material ofthe cell that is not enclosed by a nuclear membrane. These species have 
spread widely causing disease on several hU!1dred plant species (Boch & Bonas, 2001), 
including many economical crops such as pomegranate and citrus. Infection of the 
Xanthomonas sp. on these crops have mainly affect on the production of fruit to produce 
high commercial value. Xanthomonas sp. disturb the growth of the plant by causing leaf 
spots in numerous number which can be observed on the leaves surface, spots on all over 
the fruit, blights of annual and perennial plants, vascular wilts and citrus canker (Copper, 
2006). 
Infection of Xanthomonas sp. on plant usually will result with watersoaked spots 
symptoms which can be clearly observed on the surface the leaves. Based on European 
Food Safety Authority (2014), citrus that was infected by Xanthomonas sp. shows 
symptoms that consists offlat, watersoaked spot evolving into necrotic lesion and are most 
often visible on citrumelo rootstock. Other than that, the symptoms also appear the same 
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when Xanthomonas sp. had infected the pomegranate. As reported by Pawar et a1. (2014), 
the infection of the pathogen on the cultivated varieties irrespective of age of the plants and 
the infection result with yellowish water soaked circular spots on the plant part and later 
converted to irregular lesions. 
The plant pathogenic bacteria may infect the host in multiple ways and considered 
to be passive. Usually it occurs accidentally, even though it has been reported a few cases 
of plant chemo attractants. The stomata, hydathodes or lenticels are the natural plants 
opening that act as portal of entry for these bacteria to enter the plant. Moreover, natural 
plants opening are not the only way that is available for the bacteria to enter but the 
bacteria can also enter through the wounds or abrasions on leaves, stems, roots, or through 
holes that produce by specific feeding insects (Vidaver & Lambrecht, 2004). 
Different from the normal mammalian pathogens, cell wall of the host become as 
the barrier that separate the plant pathogen ftom the host cell. Thus, this prevent from any 
potential virulence factor to enter and response with the host cell. As the result, the 
infections of the plant pathogenic bacteria only remain at the extracellular of the plant 
(Boch & Bonas, 2001). 
2.3 Molecular Detection 
Based on research gone by Srinivasa et a1. (2012), it is essential to have an accurate and 
rapid microbial identification of the pathogen while carry out pathogen inspection and 
survey program. The basic routine methods applied during the detection and identification 
of plants pathogenic bacteria start with the isolation of pathogens from the diseased plants 
or seeds, next followed by the morphological examination, biochemicaVphysiological 
characterization, hypersensitive response and pathogenicity. In the early days, these 
pathogens are distinguished using classical methods based on observation of the 
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morphological and growth characteristics. Unfortunately, these methods are time 
consuming. Thus far, an array of molecular approaches has been pursued for more 
alternative techniques with a precise and rapid identification of the plant pathogenic 
bacteria. 
Based on studies by Palacio-Bielsa et al. (2009), an accurate detection is usually 
required in controlling disease that are caused by plant-pathogenic bacteria followed by the 
appropriate identification of casual organism. Usually presumptive diagnosis of bacterial 
disease can be simply assumed when an obvious typical symptomatology is observed. 
However, important notes need to be taken because the symptoms can be mistakenly 
interpreted by those infected with other biotic or abiotic agents and these symptoms are not 
always specific. Meanwhile, a highly sensitive protocol is required due to the low 
population and uneven distribution of pathogen in symptomless plant material. Moreover, 
preventive control is necessary for detection of bacteria in these symptomless plant 
materials and can be extremely challenging. 
2.4 Polymerase Chain Reaction (PCR) Approach 
Polymerase chain reaction (peR) is a very powerful technique that revolutionized 
molecular biology by providing the applications in the detection of pathogens in plants as 
well as in food and diagnosis of genetic disease and microbial infection. Nowadays, the 
appl ication of peR is more acceptable by others as confirmation on the presence or 
absence of the specific pathogens. Nested peR, Hot start peR and real time peR are the 
widely used peR for pathogen detection (Boughattas & Salehi, 2014). The advantages of 
the peR based methods compare to the traditional diagnosis test are that the organisms do 
not need to be cultured prior to their detection (Palacio-Bielsa et ai. , 2009) and it is a 
9 
highly sensitive to detect a single target molecule in complex mixture, highly specificity 
and rapid protocol (MacKenzie et aI., 1997; Palacio-Bielsa et aI., 2009). ... 
Polymerase chain reaction is a method developed by Kary Mullis at Cetus 
Corporation in Emery Ville, California in 1985. Garibyan and Avashia (2013) stated that 
PCR allows amplification of specific DNA fragments (target sequences) from a genomic 
DNA. PCR is very simple yet involved in vitro DNA synthesis that provide an ingenious 
method for exponentially amplification of specific DNA sequences. There are three major 
steps that are involves in the cycles which are denaturation, annealing and extension. 
Each PCR must contain the presence of distilled water, PCR buffer, template DNA, 
primers, nucleotides and also Taq DNA polymerase. PCR usually involves 30 - 40 cycles 
for the PCR to amplify the specific DNA fragments. However, there are some limitations 
in PCR, such as misleading result could occur if there is any contamination on the DNA. 
Other than that, PCR could only identify the sequence of pathogen or gene that is targeted 
by the primer of specific sequence. Lastly, the primer may anneal to another sequences that 
are similar but not identical or specific to the target DNA. Figure 2.3 shows the cycles of 
the polymerase chain reaction. 
10 
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Figure 2.3: Polymerase Chain Reaction cycles 
(Retrieved from http://scienceinfoworld.blogspot.comI20 12/11/polymerase-chain-reaction­
pcr.html) 
2.5 Entrobacterial Repetitive Intergenic Consensus (ERIC) Primer 
Entrobacterial repetitive intergenic consensus (ERIC) or also known as intergenic repeats 
unit (IRUs) had been discovered in non-coding, intergenic region primarily from 
Escherichia coli and Salmonella typhimurium. Entrobacterial repetitive intergenic 
consensus (ERIC) sequence based primer is a primer that preferentially hybrid genomic 
DNA that are from the Gram-negative bacteria, related phyla (Gilling & Holley, 1997; 
Versalovic et aI., 1991), the human pathogen Streptococcus pneumoniae and the plant 
pathogenic Xanthomonas campestris (Niemann et aI., 1999). 
Versalovic et ai. (1991) and Niemann et al. (1999) demonstrated that the complex 
amplification pattern of the Enterobacteriaceae strain can be generated using the PCR 
amplification. PCR amplification and Southern hybridization shows a vast variety of 
11 
eubacterial species distribution of the ERIC or ERIC-like sequences. Therefore, the ERIC 
or ERIC-like sequences is assumed to be conserved in the eubacterial kingdom (Versalovic 
et ai., 1991). Although ERIC sequences are differ in chromosomal locations between 
species but it is highly conserved at the nucleotide sequences (Hulton et ai., 1991). 
However, the amplification ofthe ERIC-PCR fragments is still unknown whether it 
is due to specific priming at ERIC-like sequences that located in the organism genome. 
Nevertheless, based on observation by Gillings and Ho lley (1997) and Niemann et al. 
(1999), the annealing temperature in PCR reaction influence the genomic ERIC-PCR 
fingerprint patterns from various organisms. Furthermore, it is also indicated that the 
ERIC-PCR may not necessarily direct amplification from the genuine ERIC sequences 
(Versalovic et ai., 1991). Moreover, ERIC sequences also has some features that resemble 
to those of Repetitive Extragenic Palindromic (REP) sequences eventhough its nucleotide 
is totally different (Hulton et ai., 1991). 
12 

3.0 MATERIALS AND METHODS 

3.1 Sample Collection and Preparation 
The DNA samples of Neolamarckia cadamba (Roxb.) Bossers were obtained from the 
Forest Genomic and Informatics Laboratory (/GiL) of Faculty of Resource Science and 
Technology, Universiti Malaysia Sarawak. The samples were originated from two distinct 
geographical locations that are located in Sarawak. Table 3.1 shows the DNA samples and 
their origin of collection. 
Table 3.1: DNA samples of N cadamba and their origin of collection 















Kelampayan Plantation, Kanowit, Sarawak 
Kelampayan Plantation, Kanowit, Sarawak 
Kelampayan Plantation, Kanowit, Sarawak 
Kelampayan Plantation, Kanowit, Sarawak 










































3.2 Polymerase Chain Reaction (PCR) Amplification 
The presence of Xanthomonas sp. was detected by using an entrobacterial repetitive 
intergenic consensus (ERIC) sequence based primer (Mondal & Mani, 2009). The primer 
consist of a pair of forward and reverse primer, which then was send for synthesis. Based 
on Sakthivel et a1. (2001), to test DNA template and the bacterial cells in PCR, the 
condition of Mg2 + concentration and other condition were optimized. Each PCR mixture 
contained certain amounts that were suitable: the forward and reverse primers used for 
PCR was ERIC (ERICIR-5' ATG TAA GCT CCT GGG GAT TCAC 3' and ERlC2-5' 
AAG T AA GTG ACT GGG GTG AGCG 3') (Mondal & Mani, 2009), dNTPs, Ix PCR 
buffer (Tris HCl pH 8.4, KCl), Taq DNA polymerase and template DNA in a final volume 
of 25 III (Trindade et aI., 2007). A negative control was included in each peR experiments, 
where the control was without the presence of DNA. The total reaction was run for 30 
cycles (Mondal & Mani, 2009), using the following condition: 
Table 3.2: peR profile 
Process Temperature Time 
Initial denaturation 95°C 7min 
Denaturation 94°C 1 min 
Annealing 50 °c 1 min 30 cycles }
Extension 65°C 2 min 
Final extension 65 °c 15 min 
Hold 10 °c 00 
14 

PCR product was then run on 1.5% of agrose gel for 120 minutes at 80A under 
70V. 10 III of DNA was loaded into the agarose together with 3 III of loading dye. 
Negative control was loaded at the end of the well as control. Meanwhile, 2.5 III of 100 bp 
(Solis BioDyne, Estonia) and I kb (Solis BioDyne, Estonia) as well as 10111 of Lambda 
Hind III marker (Promega, USA) were loaded on the agarose as marker. Followed by, 
staining with ethidium bromide (EtBr) and de-stain with ddH20. The presence of 
Xanthomonas sp. was view by using UV transilluminator. 
3.3 Scoring and Data Analysis 
The amplified DNA fragments were scored for each isolate as I (band present) or 0 (band 
absent) starting fro m the I st band up to the 21th band obtained (Refer to Append ix A). Eac h 
PeR amplified bands were designated as ERIC-O I, ERIC-02, ERIC-03 and so on until the 
21th bands. Later, a similarity matrix was generated using NTSYS software. The similarity 
among isolates was derived using Dice c.oefficient. The similarity matrix that had been 
generated was used to analyse the cluster by unweighted pair group method of arithmetic 
(UPGMA) using agglomerative, hierarchial, sequential, and nested clustering module of 
NTSYSpc. The output data was presented in a dendogram. 
l? 

4.0 RESULTS AND DICUSSION 

4.1 Polymerase Chain Reaction and Amplification 
Polymerase chain reaction (PCR) was performed to amplify Xanthomonas sp. sequences 
from the genomic DNA of N. cadamba by using an entrobacterial repetitive intergenic 
consensus (ERIC) sequence based primer (Mondal & Mani, 2009). Based on Mondal and 
Mani (2009), entrobacterial repetitive intergenic consensus (ERIC) sequences had been 
demonstrated to be the one of the effective method for studying the variability in plant 
pathogenic bacterial including Xanthomonas sp. 
Standard protocol ofPCR was performed corresponding to primer ERIC sequences 
in detecting the presence of plant pathogenic bacteria, Xanthomonas sp. in kelampayan 
samples collected from two geographically dist.inct location in Sarawak. The DNA samples 
of N. cadamba were isolated from the Kelampayan Plantation, Kanowit and Kelampayan 
Provenance Trial Plot, Landeh Nature rese~e, Semonggok, Sarawak. peR was performed 
in a final volume of 25 III containing transgene PCR mixture of PCR buffer, dNTP, 
forward primer, reverse primer, Taq DNA polymerase, DNA template and ddH20. PCR 
buffer initiate the usage of Taq DNA polymerase as well as maintain the pH for the 
reactioil to function well. The purpose of dNTP was to supply the 'bricks', where during 
the extension step of the PCR, dNTP were incorporated into the newly synthesized DNA 
strands. Meanwhile, the forward and reverse primer~ provides the 3'-OH group for the Taq 
DNA polymerase to add dNTP and the Taq DNA polymerase function to initiate 
elongation process. The Xanthomonas sp. sequences amplification was performed by using 
Mastercycler Gradient Thermal Cycler (Eppendorf, Germany). The PCR profile used was 
1 cycle of 95 DC for 7 min, 30 cycles of 94 DC for 1 min, 52 DC for 1 min, 65 DC for 2 min 
and final extension cycle of65 DC for 15 min. 
16 , 
PCR optimization was necessary in order to obtain the optimum conditions for 
amplification of the Xanthomonas sp. sequences. Therefore, primer annealing temperature 
was calculated based on the primer pair temperature by using the following formula: 
Primer anneal ing temperature, Ta = (Tm forward + Tm reverse) / 2 
The annealing temperature performed was from the range of 48 °C_ 53 dc. From 
the Figure 4.1, the annealing temperature of 50 DC was selected as the optimized 
temperature. At temperature 50 DC, clearer multiple bands was produced compared to the 
other annealing temperatures. 
1500 bp -­
500bp -­
Figure 4.1: Annealing temperature optimization for primer ERIC on 1.5% (w/v) agarose gel. Lane M is 
IOObp marker (Solis BioDyne, Estonia). Lane 1: 48°C, Lane 2: 49 °C, Lane 3: 50°C, Lane 4: 51 °C, Lane 5: 
52°C and Lane 6: 53 0c. Temperature at 50°C (Lane 3) was chosen as the optimal annealing temperature 
for the ERIC primer. 
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